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SUMMARY
After multiplication in the continuous human cell lines HeLa, KB, and Hep 2, echovirus I I (prototype strain Gregory) loses its haemagglutinating (HA) activity but retains infectivity. After seven passages in Hela cells the HA activity was not restored. There was no correlation between the loss of HA activity and modification of thermosensitivity, plaque morphology, surface properties and antigenicity. HA-echovirus I I particles did not show the properties of defective interfering (DI) particles as described for poliovirus.
The variation in haemagglutinating (HA) activity of echoviruses after their multiplication in human continuous cell lines was reported several years ago. It was found (Maisel et al. 196I ; Moscovici & la Placa, I96I ; Podoplekin, I964) that echoviruses (type 3, 7, I I, I2, 13, I9, 2o and 25) could lose their HA activity after passage in continuous human cell lines. However, Schmidt et al. (1964) only observed a decrease of the HA activity of the echoviruses under the same conditions and this was correlated with the presence of non-specific inhibit0rs in tissue culture fluids.
We have found that after passage in human cells of tumour origin, echovirus I I lost its HA activity irreversibly. We have studied the conditions for obtaining a non-haemagglutinating (HA-) virus population and various properties of HA-virus particles have been compared with those of haemagglutinating particles (HA+).
Echovirus It (prototype strain Gregory) was propagated in monolayers of primary monkey kidney (MK) cells of Maeeaeus eynomolgus and Cereopitheeus aethiops and in the continuous cell lines Vero, HeLa, KB, Hep 2 and human diploid cells WI-38, all maintained in Eagle's BME medium. In all the experiments, virus was inoculated at an m.o.i, of I to 5. Virus produced from each cell passage was tested for its HA activity and infectivity. The haemagglutination test was done by the microtitre method. Serial twofold dilutions of virus were distributed in wells of disposable V plates (Cooke microtitre plates, Dynatech, Alexandria, Va., U.S.A.) to which o'o5 ml of o.oI M-phosphate buffer and o.o 5 ml o.6 ~ human O + erythrocyte suspension were added. The plates were incubated at 4 °C for I'5 h.
HA titres were expressed as the reciprocal of the highest dilution showing RBC agglutination. The infectivity titre was determined by a microtitre method using primary MK cells (M. cynomolgus). The data in Table I show that primary MK cells, Veto and WI-38 cells released HA + echovirus it, while the virus produced in HeLa, KB and Hep 2 cells was HA-; the lack of HA activity was not associated with the loss of virus infectivity.
To determine whether the loss of HA activity was reversible the virus was passaged IO times in HeLa cells. The virus which was produced at each passage was reinoculated (consecutively) Io times in primary MK cells (M. eynomolgus). Table 2 t Zero = HA titre < 2.
the subsequent passages. This phenomenon is not specific for echovirus ] I because similar data were obtained with echovirus I2 grown according to the same protocol.
To characterize the HA-virus population, plaque morphology, thermosensitivity, surface properties and antigenicity of the haemagglutinating virus (MK 2o) were compared with the non-haemagglutinating virus (HeLa IO). After incubation of virus dilutions for 1"5 h at 37 °C with monolayers of primary M. cynomolgus MK cells, the overlay medium containing 1.5 % agar (Difco), o.oo2 % neutral red, 2"5 ~ Earle's solution and o.25 % skimmed milk was added. Plaque morphology was observed after 5 days incubation at 37 °C. All IO5O plaques tested of both HA + (MK 2o) and HA-(HeLa IO) virus showed the same morphology, i.e. small size (I to 2 mm diam.) and irregular contour.
Thermosensitivity was tested using the reproductive capacity temperature test (rct; B6ttiger, i968 ). Both haemagglutinating echovirus I I and the non-haemagglutinating strain were thermoresistant (rct 39 + and rct 4o+).
Surface properties were examined by the calcium phosphate chromatography technique of Burness 0969). Virus was eluted by stepwise addition of Na~HPO~ of increasing molarity (o'o 5 to 0"5 M). About 35 fractions of o.6 ml each were collected and tested for their HA activity and infectivity. There was no difference in the elution pattern of the HA + (MK 2o) and HA-(HeLa Io) viruses. Two well-separated peaks of infectivity eluting at o.2 and 0"3 ra were found in both cases. The HA activity of HA + virus was eluted in two peaks which coincided with the infectivity.
Hyperimmune sera were prepared with each virus strain by multiple intravenous injection of rabbits. The haemagglutination inhibition (HI) antibody and neutralizing antibody levels were similar for both the HA + (MK 2o) and HA-(HeLa lO) viruses. The loss of HA activity was associated neither with the loss of the virus antigenicity, nor with the modification of genetic markers such as thermosensitivity or plaque morphology.
The irreversible loss of echovirus I I HA activity after passage in HeLa cells made the role of cellular inhibitors, as suggested by Schmidt et al. (I964) , seem unlikely. However, we have verified (Cova & Aymard, 1978 ) the HI activity of uninfected tissue culture fluids from various celt cultures. Tissue culture fluids were obtained according to Schmidt et aL (1964) and after Io-fold concentrations were tested for their HI activity against 4 HAU of echovirus I I, using a microtitre test. A low titre (4 to 8/o'o5 ml) of inhibitors was found in the cells releasing HA + virus (primary MK cells, Vero and WI-38) and also in the cells producing HA-virus (HeLa, KB, Hep 2). Thus, there is no correlation between the presence of HA inhibitors in tissue culture fluids and the loss of HA activity.
It may be assumed that the irreversible loss of HA activity resulted from a genome modification. Since subsequent passages in HeLa cells were made with uncloned echovirus II, we considered that during serial passage there would be a selection of non-haemagglutinating mutants from a heterogeneous (HA + and HA-) virus population.
In order to demonstrate the heterogeneous composition of the initial haemagglutinating virus population (MK 2o), we tested the HA activity of cloned particles obtained by plaquing in primary MK cells. All the 33o clones tested were HA +. Similar experiments with HAvirus (HeLa IO) showed that all the 440 clones tested were HA-. However, these data do not eliminate the possibility that each HA + and HA-virus population was heterogeneous sinCe only a small number of clones was tested. The HA-particles could represent a minor proportion of the HA + original seed, which increases during subsequent passage in HeLa cells and becomes predominant. To demonstrate a mixed virus population it would have been better to clone virus that was predominantly HA-, but which still produced HA + particles (MK 2o/HeLa 4). Investigation of these clones should reveal whether they all contain low HA activity or a mixture of high and no HA activity.
The ability of HA-particles, during subsequent cell passage, to become a large percentage of the total virus population was similar to the 'enrichment' process described by Cole et al. (1971) and Cole & Baltimore (1973 a, b, c) for poliovirus defective interfering (DI)particles. It was of interest to verify whether HA-particles were DI particles. Since poliovirus DI particles containing deleted RNA differ from standard particles in their lower buoyant density, we compared the density in CsC1 gradient of HA + and HA-virus particles. Viruses propagated in each cell system were concentrated by ultrafiltration (Amicon DC2 system) after removal of cell debris by low speed centrifugation (3o min at 25oo g) and then concentrated by ultracentrifugation for 3"5 h at 17o0oo g in an L3.4o Beckman ultracentrifuge. The pellet was resuspended in PBS, layered on to a preformed linear CsC1 gradient and then centrifuged for I8 h at 15oooo g. The density of the fractions was determined by refractometry. Fractions containing virus were identified by their absorbance at 26o and a8o nm, infectivity, HA activity and by electron microscopical examination.
The data show the presence ofemptycapsids, i.e. RNA-freevirusparticles(p = I"29 g/ml) and standard particles (19 = 1.33 g/ml) in both HA + and HA-virus preparations. These results are in agreement with those obtained by Halperen et al. (1973) with echovirus 12.
Short communications
HA-virus preparations (HeLa Io) also contained particles of higher buoyant density 0"44 g/ml). We did not detect echovirus 11 particles with DI particle properties (Huang & Baltimore, I977) . The HA-particles are not defective since they are able to replicate in the absence of helper virus. The mechanism of enrichment in HA-particles would be different from that described for poliovirus DI particles and will be determined by further experiments. 
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